A procedure for the determination of blood hemoglobin iron is described for two ligands of similar sensitivity where each is equally suitable for the described purpose. The systems are relatively rapid, sensitive and trouble free when applied to standardization in hemoglobinometry.
A procedure for the determination of blood hemoglobin iron is described for two ligands of similar sensitivity where each is equally suitable for the described purpose. The systems are relatively rapid, sensitive and trouble free when applied to standardization in hemoglobinometry.
Es werden Methoden zur Bestimmung von H moglobineisen im Blut beschrieben, die zwei Liganden mit gleicher Sensitivit t verwenden. Beide k nnen mit gleicher Aussagekraft verwandt werden. Die Methoden sind schnell durchf hrbar, empfindlich und komplikationslos, wenn sie zur Standardisierung bei der H moglobinometrie verwandt werden.
Many clinical laboratories use commercial prediluted solutions as standards to calibrate their hemoglobin determinations. However, it seems more desirable to have a standard hemoglobin solution easily calibrated according to its iron content which can be used in the same fashion as the analyzed blood. The advantages are obvious and the approach can be used for the determination of hemoglobin itself (1) or for standardization of the system (2-4). Several reagents have been described for the purpose of standardization (5-10), but all of them are inferior in terms of sensitivity to 3-(2-pyridyl)-5,6-bis(4-phenylsulfonic acid)-l,2,4 triazine called ferrozine (11, 12) and 2,6-bis(4-phenyl-2-pyridyl)-4rphenyl pyridine sulfonate called terosite sulfonate. The former has a reported molar absorptivity of 27,900 cm 2 /mol (13) while the latter has one of 30,200 cm 2 /mol (14) . In the course of hemoglobin iron determination, wet ashing (7) or dry ashing techniques (14) may be employed to liberate iron from hemoglobin and this approach has been suggested recently (15) along with a rather insensitive color reagent, thioglycolic acid, for the iron determination. Other methods for liberating iron from hemoglobin have included the use of persulfate in the cold (16) or chloric acid plus heat (8). The substitution of dorox (17) for chloric acid eliminates the need to heat the sample even though there is no real time saving in the determination. However, the ability to solubilize the hemoglobin solution to render it clear without prior deproteinization is advantageous. The purpose of the present study is to describe a simple method for the determination of hemoglobin either for the purpose of standardization in hemoglobinometry or for the determination of hemoglobin in blood by means of its iron content. Iron is liberated by clorox (5, 17) prior to reaction with either of the two most sensitive iron reagents known (11, 13, 14) . Easily available polyoxethylene lauryl ether, called Brij-35, is used as the protein solubilizer and solution clarifier so that deproteinization is unnecessary. 
Materials and Methods

Terosite sulfonate
The procedure is similar except that the sample size is smaller so that terosite sulfonate can be conserved. The identical color reagent is used in our laboratories for the determination of serum iron (13, 14) . The procedure for hemoglobin iron is as follows: Pipet 0.5 ml of clorox and 0.5 ml of Brij-35 solution into each of two 16 X 100mm tubes. Add 10 μΐ of well mixed oxalated blood into one of the two tubes and nothing to the other which *) In partial fulfillment of the Ph. D. in Biochemistry. is to be used as the reagent blank. Mix well and allow them to stand for 5 min. Add 3.0 ml of buffered ascorbic acid to each tube followed by 0.5 mTof terosite solution, wait 20 min and then read the final color at 583 nm against the reagent blank.
Results and Discussion
The graphic results to be described concern the reaction characteristics obtained using the more readily available iron ligand, ferrozine. The same results were obtained using terosite sulfonate but because it would be repetitive to include each, the one reagent was used as the example for both. Figure 1 describes the graphs obtained when the concentration of clorox was varied and the time of incubation with blood was also lengthened. The plateau of absorbance with concentration was reached at half strength for the commercial solution. However, at either 15 min or 45 min both solutions became turbid when full strength clorox was used. Three drops of full strength detergent were added in all cases. Since 15-20 min was adequate to liberate iron from hemoglobin by use of 50% commercial clorox solution as indicated at the plateau shown, this condition was determined to be optimal, Standardisation ' Figure 2 shows the sensitive spectra of the different concentrations of iron with 3-(2-pyridyl)-5,6-bis(4-phenylsulfonic acid)-l,2,4-tria2ine under the described conditions. The time required to reach full color formation as shown at the right in the same figure was quite short and almost instantaneous. Therefore, the twenty minutes determined as optimum in the next figure represents a plateau characteristic for the sample which is different from that of the standard.
Effect of clorox concentration
Time for iron release from hemoglobin
Several blood samples were tested using the described reagents and varying the time necessary to obtain a plateau point at which the release of iron was complete and the subsequent reaction with ligand ensured. The results of this study are graphed in Figure 3 . Here a plateau is reached in approximately 15 min at room temperature. Examination of the highest concentration indicates that there is some tendency to increase this time period as the hemoglobin concentration of blood increases because the 15 min absorbance reading yields approximately 99% of the total value in this instance. It has been pointed out (5) that the release of iron is virtually complete after 3 min of clorox treatment and this study fairly well confirms this fact. However, in order to ensure quantitative reaction, either a longer time in the color development step is necessary or a more prolonged treatment with clorox is required. Since standardization is not a large volume routine process, this latter time period can be increased to 20 min as described. 
Effect of surface active agent
Originally 2-3 drops of concentrated Brij-35 solution were added to the 50% clorox reagent to effect solution of any particulate matter tending to precipitate out when blood was added to this mixture. When a definite concentration of Brij-35 was tried such as 20 ml plus 100 ml of H 2 O, and this solution used to prepare 50% clorox, precipitation did not occur with any bloods tested. When dilutions of the stock Brij-35 solution were made ranging from 1/1000 to as low as 1/10,000, and these then used to dilute the clorox solution it was found that turbidities occurred with certain bloods tested beginning at the 1/1000 dilution. However, these turbidities disappeared after standing for several minutes when concentrations as low as 1/2000 dilution were tested, and the time period before clarification occurred increased as the Brij-35 concentration was further decreased. Therefore, a 20% solution of 25% Brij-35 was used to prepare the 50% clorox solution since this represented an excess which ensured clarification and did not cause any interference in the color reaction fpr iron.
Cyanmethemoglobin comparative study
A number of blood samples were carried through the described procedure using the two iron ligands. The results obtained from the iron concentrations found were converted to hemoglobin values using the most recent factor (5) . These values were compared to those found when a standard cyanmethemoglobin procedure was used to determine the hemoglobin content of the same blood samples. The comparative findings are shown in Tables 1 and 2 for terosite sulfonate and ferrozine respectively. The comparisons indicate that all three procedures achieve similar, results. 
